Background-Alanine aminotransferase (ALT) is commonly used to measure liver injury in resource limited settings. Elevations in ALT are predictive of increased mortality from liver disease and may influence choice of first line antiretroviral therapy (ART).
Introduction
In 2008, an estimated 22.4 million people were living with HIV in Sub-Saharan Africa (SSA) [1] . As a result of considerable efforts by national governments and international organizations in scaling up HIV Care and Treatment services in SSA, approximately 3 million HIV infected patients were receiving antiretroviral therapy (ART) by the end of 2008 [1] . Since the large scale rollout of ART, significant declines in HIV-related morbidity and mortality have been observed [2] . Following improved life expectancy with ART, non-AIDS defining diseases are now emerging as leading causes of death in HIV-infected populations [3, 4] , with liver disease as the most frequent cause of death in developed countries [5] . Similar changes in patterns of mortality can be expected to occur in SSA as access to ART improves.
Alanine aminotransferase (ALT) is a liver enzyme commonly used to measure liver disease in resource-limited settings. Elevated ALT is a highly specific indicator for liver injury and has been shown to be associated with deaths from liver disease in non-HIV infected populations [6] . Since it is often the only marker used to monitor liver disease in HIVinfected individuals in resource-limited settings, understanding the prevalence and risks associated with elevations in ALT in these settings is important. Liver enzyme elevation is common in HIV patients in SSA [7, 8] and various risk factors have been described mainly in Europe and North America including; male sex, HIV itself, viral hepatitis, most antiretrovirals, anti-tuberculosis and lipid lowering drugs; alcohol, and metabolic syndrome [7, [9] [10] [11] [12] [13] [14] [15] [16] [17] .
In SSA, few studies have examined the prevalence of elevated ALT and risk factors associated with elevations in ALT in HIV-infected individuals, particularly mild elevations of ALT or ALT elevations in the absence of ART exposure. Such studies are necessary as HIV-infected individuals may be at much higher risk of liver injury in SSA due to additional competing risks of liver disease specific to these settings including presence of more advanced immunosuppression, co-infections and exposure to aflatoxins [18, 19] . In addition, elevations prior to ART initiation may impact responses to treatment with ART.
In this study, we report the prevalence of elevated ALT levels and associated risk factors in a cohort of ART naïve HIV-infected patients enrolled in a large urban HIV Care and Treatment program in Dar es Salaam, Tanzania.
Methods
This cross-sectional study was conducted among ART naïve HIV-infected individuals at the time of enrollment at 18 We excluded patients whose ALT measurements at baseline were not available. At MDH supported sites patients have the following screening laboratory tests at their baseline visit prior to ART initiation: CD4+ T cell count (Beckton Dickiton (BD) FACS Calibur), hemoglobin, white cell count and platelets (Beckman Coulter ACT5 DIFF hematology analyzer), low density lipoproteins (LDL), high density lipoproteins (HDL), triglycerides (TG) blood glucose and ALT, bilirubin (Roche Cobas intergra 400 plus Chemistry Analyzer) and pulmonary tuberculosis (PTB) screening with a chest X-ray and sputum smear for acid fast bacilli using florescent microscopy. Hepatitis B and hepatitis C serostatus are determined using SD Bioline antigen and antibodies respectively. Viral load measurements are not performed routinely. Patients are initiated on ART according to Tanzanian National AIDS Control Program (NACP) ART initiation criteria: CD4 cell count<200 cells/ mm 3 or clinical WHO stage IV or clinical WHO stage III with CD4 cell count of <350 cells/ mm 3 (6) . Antiretroviral drugs and co-trimoxazole are provided free of charge by the Tanzanian government. The study was approved by the Muhimbili University of Health and Allied Sciences and the Harvard School of Public Health ethical boards.
Data collection and management
Patient demographic, clinical, laboratory and therapeutic data are collected by physicians and nurses on standard case report forms and National Care and Treatment Centre forms at enrollment and at each follow up visit. Demographic and anthropometric measurements, clinical examination findings, including presence or absence of jaundice, hepatospleenomegaly and WHO HIV clinical stage were included in this study. Laboratory data included: ALT, CD4+ T cell counts, Hemoglobin (Hgb), high density lipoprotein (HDL) low density lipoprotein (LDL), triglyceride (TG), HbsAg, HCV antibody and a fasting or random blood glucose. Data reviewers are stationed at each clinic to ensure adequacy and completeness of data recording by the healthcare workers. Data collected is then entered into a secure computerized database designed solely for the purpose of data collection and analysis. Unique patient identifiers are used. The database is updated daily by professional data entry clerks. Weekly quality assurance checks of the database are performed by the data management team to ensure data accuracy. The primary outcomes of interest was elevated ALT defined as an ALT greater than 40IU/L taken between 0 to 7 days of enrollment to the HIV clinics and before ART was initiated.
Statistical methods
Statistics were conducted using SAS version 9.1 (Cary, NC) statistical software. We used means (SD) for continuous variables and proportions were used to describe the basic characteristics of the study population at the time of enrollment. Log-binomial regression models were used to obtain point and interval estimates of prevalence ratios for elevated ALT and to obtain P-values. Ordinal score tests were used to obtain p-values for ordinal categorical variables [20, 21] . Variables with P values of less than 0.05 were considered significant.
Results
Between November 2004 and December 2009, a total of 66,609 adult patients enrolled in the MDH program. After exclusion of patients with missing baseline ALT values and patients on ART at baseline, 41,891 were eligible for inclusion in our analysis. Compared to the excluded patients, those who were included in this analysis had, on average, a significantly somewhat lower CD4 cell count (242 cells/mm 3 in study vs. 297 not in the study), had a significantly higher proportion of patients in WHO HIV stage 4 (20.% Stage 4 in study, and 16.8% not in the study), had enrolled at a significantly somewhat later point in calendar time (mean 2008.3 in study, vs. 2007.2 not in the study), and were more likely to be male (30.5% male in study, and 26.8% not) and differed slightly by district of enrollment.
Baseline characteristics of the study population are presented in table 1. The mean age was 36 (±10) years and more than two thirds (71%) were females. The majority of patients were severely immunosuppressed at baseline: 54% patients had a CD4+ cell count < 200cells/µl and 61% of patients were WHO HIV clinical stage III or IV. Approximately 27% of patients had BMI < 18.5kg/m 2 , 6% were obese and 16% of patients were on TB therapy at the time of enrollment. Elevated ALT > 40IU was found in 5301 (13%) patients. ALT greater than three and five times upper limit of normal (ULN = 40IU) were observed in 457 (1%) and 141 (0.3%) patients respectively.
In multivariate analyses, patients aged 40 years and above had a significantly lower risk of elevated ALT compared to patients <30 yrs. Pregnant females had a significantly lower prevalence of elevated ALT compared to non-pregnant females (prevalence ratio (PR)= 0.41; 95%CI 0.35, 0.47). Males had an increased prevalence of elevated ALT than females (PR = 1.64; 95% CI 1.55, 1.73). Patients with lower CD4+ cell counts compared to those with CD4+ cell counts >200 cells/µl had a significantly higher prevalence of elevated ALT. The prevalence of elevated ALT was 71% higher in patients with CD4+ cell count <50 cells/ µl compared to patients with CD4+ cell count >200 cells/µl. Similarly, the prevalence of elevated ALT was significantly higher in patients with WHO Stage 2, 3 and 4 disease compared to stage 1; patients with WHO stage 4 had a 57% higher prevalence of elevated ALT compared to patients with WHO stage 1. Patients who were underweight, overweight or obese had a significantly higher prevalence of elevated ALT compared to patients with normal BMI. Those, with BMI <18.5 kg/ m 2 had a 9% increased prevalence of elevated ALT compared to those with BMI 18.5-<25kg/m 2 . Patients with obesity had a 19% increased prevalence of elevated ALT (PR= 1.19; 95%CI 1.04, 1.36). Hyperglycemia, (PR = 1.42; 95%CI 1.22, 1.65), but not hypertension was significantly associated with an increased prevalence of elevated ALT. Anemia was significantly associated with reduced prevalence for elevated ALT. A hemoglobin of <7.5g/dl was associated with a 29% lower prevalence (PR = 0.71; 95%CI 0.65, 0.78) of elevated ALT. Current TB treatment was associated with 15% lower prevalence for elevated ALT (RR= 0.85; 95% CI 0.79, 0.91).
We performed additional multivariate analyses in the subset of patients (n = 8037) with available hepatitis B status at enrollment. Patients who were HBsAg positive had a 38% increased prevalence of elevated ALT compared to those who were HBsAg negative (PR= 1.38; 95%CI 1.16, 1.64). In the subgroup of 3331 patients with non missing HDL, LDL and triglycerides data, TG greater than 150mg/dl (PR= 1.61; 95%CI: 1.33, 1.94) were significantly associated with an increased risk of elevated ALT. LDL > 130 mg/dl was associated with 31% reduced prevalence for elevated ALT (PR= 0.69; 95%CI 0.49, 0.97) and no independent effect of HDL was observed.
Discussion
This study is, to our knowledge the first and one of the largest studies to examine the prevalence and risk factors associated with elevated ALT in HIV-infected individuals prior to ART initiation in an African setting. Three notable findings include the relatively high prevalence of ALT elevations >40IU/L; the significant association between elevated ALT and male sex, immunosupression and components of the metabolic syndrome (elevated triglycerides, hyperglycemia, and obesity) and finally the interesting finding of a protective effect of pregnancy, anemia and current TB treatment. It should be noted that all these associations are independent of treatment with ART.
The prevalence of elevated ALT (13%) found in our study is lower than that reported among pre-ART HIV-infected individuals [7, 13, 16, 17, 22] in Europe and North America, where rates vary between 19-29%, but similar to reports of studies from Africa [8, 23] . In a multinational study of HIV-infected patients in Kenya, Zambia and Thailand; baseline ALT greater than 40IU was present in about 14% of 812 HIV-infected patients [23] . Similar figures were reported in a rural community in Uganda [8] . There are several reasons for this difference. First, in the studies from Europe and North/South America, males represented between 63-94% of the study population compared to our study where females accounted for 71% of our study population [7, 13, 16, 17, 22] . Second, an inverse relationship between black ethnicity and chronic ALT elevation has been reported in several studies of HIVinfected patients [5, 14] . Third, a lower prevalence of viral hepatitis B and C infections, obesity and dyslipidemia was observed in our study population, all of which have been shown to be associated with elevations in ALT [13] [14] .
In multivariate analyses, we found a number of factors associated with elevated ALT>40IU/ L. Two notable findings were the significant associations between elevated ALT and reduced CD4+ cell count, worsening WHO clinical HIV stage; and components of the metabolic syndrome including elevated BMI, hypertriglyceridemia and hyperglycemia. Our finding of an increased risk for elevated ALT among people with severe immune depression is similar to findings from a study by Sterling et al, where HIV-infected patients with CD4<200cells/µl had a 57% excess risk for elevated ALT compared to those with CD4 ≥ 200cell/µl [13] . Mechanisms underlying this association are not clear, although direct immune activation and pro-apoptotic effects of HIV on hepatocytes as explained by a correlation with higher viral loads has been hypothesized [10] .
Similar to other studies, overweight, obesity, increasing triglycerides and hyperglycemia were significantly associated with increased risk for elevated ALT. These conditions are significant risk factors for non-alcoholic fatty liver disease and non-alcoholic steato-hepatitis (NASH) which these elevations in ALT could represent [7, [13] [14] [15] . Non-alcoholic steatohepatitis (NASH) or fatty liver, associated with metabolic syndrome, diabetes mellitus and hypertriglyceridemia have been reported to be cause of the abnormal liver enzymes in HIVinfected patients in several recent studies [14, 15] . Contrary to other studies, we found a reduced risk of elevated ALT with LDL cholesterol > 130mg/dl [13] [14] [15] . Although, non fasting measurement of lipids may lead to this contradictory finding, the relationship of LDL and elevated ALT among ART naïve HIV is still unclear and deserves further investigation in the absence of ART exposure.
In this study, we noted an interesting gender difference with respect to the risk of elevated ALT. Compared to non-pregnant women, men had an increased risk of ALT>40 IU/L while pregnant women had a reduced risk of elevated ALT in adjusted analyses. This gender discrepancy is similar to a finding by Weidle et al. who observed men to have a 55% higher risk of elevated baseline liver enzymes than their female counterparts [8] . The reasons for this gender discrepancy are not clear. One potential confounder that was not examined in our study and could have contributed to the excess risk of ALT elevation is alcohol consumption, which has been shown to be significantly higher in men compared to women in urban Tanzanian settings [24] . Interestingly, pregnant HIV -infected patients were at a reduced risk for elevated baseline ALT compared to non-pregnant women. There have been contradictory reports demonstrating the risk of elevated liver enzymes among pregnant HIVinfected women exposed to ART particularly NVP [22 -24] . There is no data however to suggest the same risk applies to pregnant women in the absence of ART [25] and therefore deserves further study. However, physiological changes during a normal pregnancy have been associated with lower than normal liver enzymes, including ALT [26] . Surprisingly, we found a reduced risk for elevated ALT among HIV patients who were on anti-Tb therapy at the time of recruitment to HIV clinics. Few data exists on hepatotoxicity of TB drugs among HIV patients prior to ARV initiation. Two studies by Hoffman and Weidle et al. documented an increased risk of hepatotoxicity in patients on concomitant ART and anti TB drugs [7, 8] . Similarly, Coca et al. reported an increased risk for hepatotoxicity secondary to TB therapy among hospitalized HIV patients; however, the effect of concomitant ART could not be assessed in this retrospective study of hospital records [22] . In studies from other African settings hepatotoxicity from TB therapy is reported to be low [27, 28] . In Tanzania, the prevalence of hepatotoxicity was only 0.9% at two months of TB therapy [27] . Likewise, in Malawi, among HIV-infected ART naïve patients during TB treatment; only five (1.3%) developed grade 2 hepatotoxicity (defined as ALT =126-250 IU/l), three (0.9%) developed grade 3 hepatotoxicity (defined as 251-500 IU/l) and there was no grade 4 hepatotoxicity (defined as ALT > 500IU/l)) [28] . Breen et al. found serious adverse events of TB therapy in 40% of HIV-infected patients, 71% of whom were on concomitant ART; as opposed to only 26% of HIV un-infected patients reporting (p = 0.008). However, the rates of hepatotoxicity was comparable between the two groups [29] . Therefore, it is likely that the risk of hepatotoxicity with anti-TB therapy observed among HIV-infected individuals is through the interaction or confounding with other risk factors such as hepatitis C, B or ART treatment and not HIV infection per se as has been previously suggested [30] .
Our study had several limitations. First, we did not collect data on illicit drugs or alcohol consumption which are important risks for elevated ALT. Second, we were unable to include 37% of patients otherwise eligible in our program, due to either being non ARV naïve at enrollment (10%) or because of missing baseline ALT measurements (27%). Patients included in this analysis were sicker with more advanced HIV infection. Our study and others published in the literature have found that the risk of elevated ALT is higher in patients with more advanced HIV. Thus, the prevalence of elevated ALT may be somewhat overestimated in this report. However, there was also a small significant difference in the distribution by district, but is not clear how district would affect the prevalence estimates. Regardless of the district, all clinics included in this analysis are supported by the same program, MDH-PEPFAR which and offer similar care to patients. It is important to emphasize that these small differences in baseline characteristics between the patients included in this analysis and those excluded are not expected interfere with the internal validity of this analysis, particularly as concerns the risk factors identified in Table 2 . Third, because this study was cross-sectional, the temporal sequence of exposure and outcome cannot be ascertained. A longitudinal design would allow for a more precise determination of predictors of elevated ALT. Use of a laboratory surrogate marker (i.e. elevated ALT level) as a sign for hepatopathy is less sensitive than other non-invasive and invasive measures of detecting liver disease such as Fibroscan © and liver biopsy. However, these investigations are neither available nor feasible in study setting. Moreover, elevated ALT level is considered to be a highly specific indicator of liver injury and is a commonly used marker for acute and chronic liver diseases. Only one ALT per individual was measured and significant intra-individual variability with a single measure is likely; however, such misclassification is likely to be non-differential with respect to the other factors we have considered and potentially under-estimates of the associations noted. Finally, we did not have the power to assess higher ALT elevations which might be of more clinical significance in liver disease.
Notwithstanding the limitations, our study has significant strengths. Its large sample size allows for very accurate estimates of the relative risks for elevated ALT among ART naïve HIV-infected individuals in comprehensive multivariate models. We were able to consider a large set of variables as determinants for elevated ALT, after adjusting for many potential confounders. Patients in the study were recruited from all the three municipalities in Dar es Salaam, increasing the external generalizability of the study. This is a first pre-ART investigation of factors associated with ALT elevations among HIV patients in resourcelimited setting, and the findings will contribute to improved patient management in the settings.
In conclusion, modest elevations of ALT among ART naïve HIV patients are not uncommon in Tanzania. These elevations are more likely to occur among males, immunocompromised patients and those with components of the metabolic syndrome. These findings have important implications for long-term outcomes among HIV-infected individuals, given the known association between elevations in ALT and liver related morbidity and mortality [6] . Longer follow up is needed to assess the effect of elevations in ALT at baseline on morbidity and mortality in this cohort, as well as closer monitoring of ALT after initiation of ART especially with potentially hepatotoxic therapies. Estimates are from a multivariate log-binomial regression model with high vs. low ALT as the dependent variable. All variables shown as well as year of recruitment, district of residence, lymphocyte cell count and platelet count (data not shown) were adjusted for. 
